INTRODUCTION
Higher eukaryotes have several protein variants of each histone subtype (H2A, H2B, H3, H4, and HI and/or H5) that differ in primary structure and expression patterns (refs. [1] [2] [3] . There are between about ten and several hundred genes of each histone subfamily per haploid genome in most eukaryotes (4) . Chickens appear to have one of the lowest histone gene repetitive frequencies, ranging from six for HI genes to about ten for core histone genes (5) (6) (7) . With some exceptions, most of these genes fall into two major histone gene clusters (7) (8) (9) (10) (11) (12) . Six of the nine H3 genes belonging to the two gene clusters have been sequenced and shown to code for two different protein variants (10, 11, (13) (14) (15) . Five H3 genes (H3-I, -II, -IV, -V, and -VI) code for the same amino acid sequence (class I), while H3-III differs from class I in a single amino acid (He 113 -Met) (class H). These different protein variants are probably functionally distinct as they have been shown to differ in their abilities to form the nucleosome (and chromatin) state (16, 17) . The syntheses of these variants may be differentially regulated by complicated mechanisms throughout development, during the cell cycle, and so on (1). In the last few years, several potential promoter elements have been reported to be located within the 5'-flanking regions of eukaryotic histone genes (18, 19) . For instance, a bi-directional S phase-specific transcription regulatory element is reported to be present in the promoter shared by the rat testis-specific TH2A and TH2B histone genes (20) .
In the chicken, there is an H2B-specific element involving an OTF-1-binding site (18) , in addition to common CCAAT and TATA boxes, for the seven H2B genes sequenced (8, 9) ; the function of these sequence elements is still unknown. However, an H2A and H2B gene pair has recently been suggested to be controlled by an octamer and an adjacent CCAAT element (21) . H3-II and H3-III have inverted orientations and share a 5'-flanking region of about 900 bp, the two genes being transcribed in opposite directions (10) . There are an AP-1-binding element and an Spl-binding element in the intergenic region 5' adjacent to H3-II and H3-ITJ, respectively, in addition to the common CCAAT and TATA boxes. The regulations of expression of H3-II and H3-ITJ are expected to be distinct because the two genes code for different protein sequences (10, 15) . To examine this possibility, we constructed two recombinant plasmids carrying the 5'-flanking region in inverted orientations and several mutants with deletions from their 5' ends, and assayed the production of CAT from them. Results indicated that the promoter activity of H3-ITJ is about 20-fold that of H3-II and that these genes have different regulatory sequences 5' adjacent to their coding regions. However, these regulatory motifs have no effects on the expression of the genes transcribed in opposite directions.
MATERIALS AND METHODS

Plasmid constructions
To construct chimeric plasmids carrying the 5' intergenic region of H3-II and H3-DI fused to the chloramphenicol acetyltransferase (CAT) gene, we first derived the promoter-minus reporter * To whom correspondence should be addressed plasmid, pSV0O(SK)CAT, from pSVOOCAT (22) as follows: A Sacl/Kpnl fragment of the multi-cloning site of Bluescript II was blunt-ended by T4 polymerase and inserted into the Hindm site of pSVOOCAT with disruption of the BamHI site, which had also been blunt-ended by T4 polymerase. In several mammalian cell lines, the CAT activity of the chimeric construct, pSV00(SK)CAT, was too low to detect and was increased dramatically by insertion of the SV40 early promoter into its cloning site (data not shown). A 900 bp Sail/Sail fragment carrying the 5' intergenic region with the 35 bp 5' coding regions of H3-I3 and H3-H1 (10) was ligated to the Sail site of pSV00(SK)CAT to generate two chimeric plasmids, pH3-13-900 and pH3-ITJ-900. In these two constructs, the directions of the 5'-flanking regions are similar to those of H3-II and H3-1H, respectively, in the chicken genome.
Deletion mutants were constructed as follows: The 900 bp SaJI/Sall fragment was partially digested with Hindm and Hindm/Sall fragments of about 680 bp and 530 bp including the 35 bp 5' coding regions of H3-I3 and H3-1H, respectively, were cloned into the Hindm/Sall site of pSV00(SK)CAT to obtain pH3-n-650 and pH3-III-5OO. pH3-H-350 and pH3-m-160, respectively, were generated by subcloning the HindlU/Sall fragments of about 380 bp and 190 bp into pSV00(SK)CAT. For generation of other mutants with deletions from positions -353 and -160 of H3-II and H3-UI, respectively, pH3-I3-350 and pH3-H3-16O were cleaved with Hindm and PstI followed by treatments with exonuclease HI, SI nuclease, and Klenow polymerase before religation. Each end point of the deletions was determined by sequence analysis using a Sequenase Kit (United States Biochemical). (14), "that from Engel et al. (13) , and the others from Nakayama and Setoguchi (10, 11, 15) .
Recombinant plasmids were purified by two CsCl gradient centrifugations and their concentrations were determined spectrophotometrically. In all cases, the amounts of super-coiled plasmids were estimated to be more than 80% of the total DNAs by ethidium bromide staining after separation on agarose gel. (23) . After incubation for 48 hr, the cells were harvested. The CAT activities in cell extracts were assayed in triplicate and standardized to /3-galactosidase activities. The CAT assays were performed with butyryl-CoA in combination with thin layer chromatography or with the phase-extraction method (24, 25) .
RESULTS
Six known H3 histone genes code for two different protein variants
The two major histone gene clusters a and b reported (8) are shown with slight modifications and the nine H3 genes are numbered I to IX ( Figure 1A) (ref. 10) . The coding regions of the six sequenced H3 genes are 408 nucleotides long and code for proteins composed of 136 amino acids including a putative initiation Met. H3-I was chosen as a prototype for comparison with the other five H3 histone genes (Table 1) . These five genes share extensive sequence homology with H3-I (93% to 99%), but the coding regions of the six genes are all distinct. Four H3 genes (H3-II, -IV, -V, and -VI) encode the same amino acid sequence as H3-I (class I). H3-m differs from H3-I in a single amino acid (De ll3 -Met) (class FT). Thus two different protein variants are encoded by these six known H3 genes (10, 11, (13) (14) (15) . (10) was fused with the CAT gene of pSV00(SK)CAT in both orientations to generate pH3-II-9OO and pH3-OI-900. The fused genes (10 /»g each) and pGlH (2 jig) were cotransfected into mouse fibroblast NIH3T3 cells. The plasmid pSV00(SK)CAT carrying no promoter sequence was also transfecttd as a negative control. Cell extracts with equal |3-galactosidase activity were assayed in triplicate for CAT activity as described in MATERIALS AND METHODS. The thinlayer chromatogram of a typical experiment is shown with the relative activities. Acetylated and non-acetylated forms of labeled chloramphenicol are marked AC and CM, respectively (24, 25) .
B3-D AAGCTTGTTTTCACTGCTTGCTAGTATCT0GCTKTTCTCCAGGTTAAATGA6
BJ-n -m 6TGTGT8AAAATGCGATTTATTGCT6AAAGAAGACAAT6AGGGAA0ACAACTA6ATAAAA
H3-D -M1AGAAGAAAGGCTTTAT0AAICC6TAGCAAACC0AAAA8A6AAACGCTGGGQITTAACIAI
H3-n -m TAAAGA0CAGCAGTAGGGACA6CAG8AGATTAACGCTGGTTTTTCAAATTGGAC_£AAI*» B3-C AAGCTTCTTTGCAACCT6QGACAGGCA6AA6GCTTAGAGT ( Figure IB ). To investigate their promoter activities, we constructed two chimeric genes, pH3-II-9<X) and pH3-IE-900, carrying the 0.9 kb Sail/Sail fragment composed of the shared 5'-flanking region and the 35 bp 5' coding regions of H3-II and H3-ITJ, respectively. In these constructs, the orientations of the 5'-flanking region for the CAT reporter gene are similar to those for H3-II and H3-HJ, respectively, in the chicken genome. Therefore, the possible regulatory elements are located in their natural orientations. Each of the two fused genes was cotransfected with pGlH into mouse fibroblast NIH3T3 cells. After incubation for 48 hr, the cells were harvested and the production of CAT was determined. Cell extracts with equal /3-galactosidase activity were used for CAT assay to normalize the differences in transfection efficiency in different culture dishes. Figure 2 shows that the production of CAT from pH3-IH-900 was about 20-fold that from pH3-II-900; the promoter-minus CAT gene (pSVOO(SK)CAp produced no detectable CAT. To clarify whether the transcription or translation step is mainly responsible for the difference in CAT activity, we carried out RNase protection assay on the steady state levels of CAT mRNA produced from pH3-H-900 and pH3-III-900. Our unpublished results indicated that the variation in activity was mainly due to the transcription step, we also assayed the CAT activities of the two constructs in monkey kindey CV-1 cells with similar results (data not shown).
H3-n -i»
The potential promoter elements of H3-D and H3-HI are distinct
The promoter of H3-ID appeared to be more active than that of H3-II although both promoters are located in the same Sail/Sail fragment (see Figures IB and 2 ). 
